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Abstract
The magnetism of a quasi-one-dimensional ferromagnetic (FM) compound, K2Cr8O16, has been investigated by
muon-spin rotation and relaxation (μ+SR) using a powder sample in the temperature range between 2 and 230 K.
Below TC = 164 K, muon-spin precession signals were clearly observed in the zero-ﬁeld spectrum, indicating the
formation of static FM order. The distribution of the internal ﬁeld was found to change slightly at the metal-to-insulator
transition temperature, TMI ∼ 95 K. Electrostatic potential calculations and dipole ﬁeld calculations suggested that
FM order is not parallel to the [001] direction but likely parallel to the [110] direction.
Keywords: Other ferromagnetic metals and alloys, Metal-insulator transitions and other electronic transitions,
Muon-spin rotation and relaxation
1. Introduction
The nature of the ground state of the quasi-one-dimensional (Q1D) spin system, having characteristic 1D zigzag
chains in the structure, is attracting considerable theoretical and experimental interest [1, 2, 3, 4, 5]. In these systems,
there exists a competition between the ﬁrst nearest neighbor (FNN) and the second nearest neighbor (SNN) interac-
tions. Furthermore, the interaction between the zigzag chains, i.e., the inter-chain interaction, plays an essential role
in the formation of magnetic order/disorder in real systems, since a zigzag chain is never isolated. The spin density of
the zigzag chain is another signiﬁcant factor that determines the ground state of the compounds. Although theoretical
treatments for zigzag chain compounds with S=1/2 and S=1 are available [6, 7, 8, 9], there are, to the authors’ knowl-
edge, no studies on the case for S ≥ 3/2. Furthermore, even for the case with S ≤ 1, there exists only limited work
on the ground state of the mixed valence state [10]. We have, therefore, initiated experimental studies of the ground
state of the zigzag chain compounds in order to understand how the competition among FNN, SNN, and inter-chain
interactions aﬀects the magnetic ground state by means of μ+SR [11, 12, 13].
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Isobe and co-workers recently prepared three hollandite-type oxides (K2M8O16) sequentially by a high-pressure
technique; namely, K2Ti8O16 [14], K2V8O16 [15], and K2Cr8O16 [16]. Here, the hollandite-type oxides have a zigzag
M2O4 chain along the c-axis, and the zigzag chains are arranged so as to make an irregular square, at the center
of which the K ions locate [see Fig. 1(a)]. It was found that K2Ti8O16 is a Pauli-paramagnetic metal down to the
lowest T measured [14], while K2V8O16 has a metal to insulator transition accompanied with the structural change at
TMI ∼ 160 K [15]. The high-temperature (T ) metallic phase shows a Curie-Weiss (CW) type susceptibility (χ) versus
T curve with an AF interaction, but the low-T insulating phase is believed to be a spin-liquid state with V4+-V4+
spin-singlet pairs [15].
In contrast to these two hollandites, K2Cr8O16 shows a CW-type χ(T ) curve with a ferromagnetic (FM) interaction
and exhibits an FM transition at TC = 180 K [16]. Below TC, an additional metal to insulator transition is found at
TMI = 95 K by resistivity measurements [16]. According to the XRD analysis, the crystal structure of K2Cr8O16 is
assigned to be a tetragonal symmetry with space group I4/m in the T range between 10 and 300 K. This indicates
that the two transitions are purely electric/magnetic in origin. Unfortunately, K2Cr8O16 is only prepared at higher
pressure (6.7 GPa) than that for K2Ti8O16 and K2V8O16, meaning that the amount of the sample obtained at one time
is limited to below 100 mg. As a result, it is very diﬃcult to prepare large enough amounts for neutron scattering
measurements, even if we ignore the diﬃculty to determine an FM structure by non-polarized neutron scattering.
μ+SR is, therefore, expected to be a crucial tool to elucidate the magnetic nature of K2Cr8O16. Here, we report the
μ+SR result on K2Cr8O16 and conjecture a plausible magnetic ground state.
2. Experimental
A polycrystalline sample of K2Cr8O16 was prepared at ISSP in Univ. of Tokyo. The approximately 100 mg
powder sample was pressed into a disc with 10 mm diameter and 0.5 mm thickness, then the disc was attached to a
fork-type low-background sample holder by a very thin Al-coated Mylar tape in a liquid-He ﬂow-type cryostat in the
T range between 1.8 and 250 K. The μ+SR experiments were performed on the πM3.2-GPS surface muon beam line
at PSI.
3. Results and Discussions
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Figure 1: (color online) (a) The ZF-μ+SR time-spectrum for K2Cr8O16 at 2 K and (b) T variation of the Fourier transform spectrum of the time-
spectrum. A solid line in (a) represents the ﬁtting result using Eq. (1) The broken line in (c) and (d) corresponds f (T ) = f (0 K)× (1− T/TC)β with
f (0 K) = 113.1 ± 0.8 MHz, TC = 164.3 ± 0.4 K, and β = 0.307 ± 0.009.
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Figures 1(b) and 1(c) show the ZF-μ+SR time-spectrum at 2 K and the variation of the Fourier Power spectrum of
the time-spectrum with T . At 2 K, there are four peaks at f1 ∼ (35 ± 15) MHz, f2 = 75 MHz, f3 = 85 MHz, and
f4 = 117 MHz, indicating the existence of four magnetically diﬀerent muon sites in the crystal lattice. In fact, the
ZF-spectrum was well ﬁtted by a combination of the four oscillatory signals and two non-oscillatory relaxing signals;
A0 PZF(t) =
4∑
i=1
AFM,i cos(2π fit) exp (−λit) + Atail exp(−λtailt) + As exp(−λst), (1)
where Ai are the asymmetries, λi are exponential relaxation rates, and 2π fi(≡ ωi) are the muon Larmor frequencies
of the four signals. The number of oscillating components was found to depend on T [see Fig. 1(b)]. The As signal
was T -independent below TC with As/A0 = 0.0896 ± 0.004 and λs = (2.7 ± 0.5) × 106 s−1. This signal is, therefore,
assigned to come from an impurity phase, since the sample unavoidably includes a ∼ 5% impurity phase [16].
Figure 1(d) shows the T dependencies of the four fi and the normalized weak transverse ﬁeld (wTF) μ+SR asym-
metry (ATF/A0). Here, the normalized TF asymmetry corresponds to the volume fraction of paramagnetic phases in
the sample. The f4(T ) curve is found to exhibit an order-parameter-like T dependence up to 165 K (= T
μSR
C ). On the
contrary, as T increases, the main signal at 2 K ( f2), seems to disappear at ∼ 100 K (= TMI) and split into f1 and f4
[see also Fig. 1(b)]. Since the ZF-spectra were well ﬁtted by Eq. (1) and ATF/A0 disappears below = T
μSR
C , besides
the As phase, almost the whole volume of the sample enters into a magnetic ordered phase below = T
μSR
C .
A similar T dependence of fi’s is also reported for Na0.5CoO2 [17, 18] and K0.5CoO2 [19, 20], which occur at an
MI transition induced by charge-ordering below their Ne´el temperature. The change in the Co valence (δ for Co3.5±δ)
by charge-ordering was estimated as δ ≤ 0.2 by NMR measurements for Na0.5CoO2 [21]. This is consistent with
the fact that resistivity (ρ) of Na0.5CoO2 ranges between 20 mΩcm and 100 mΩcm even at 4.2 K. Such a small δ,
however, slightly alters muon sites through the change in distribution of electrostatic potential in the lattice, resulting
in a complex fi(T ) curve.
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Figure 2: (color online) (a) the Fourier transform of the ZF-μ+SR spectrum for K2Cr8O16 at 2 K, and the predicted ﬁeld distribution for (b) the
monoclinic phase, and (e) the tetragonal phase. Hints were calculated using the seven diﬀerent FM ordered models, that is, MCr//[100], [010],
[001], [110], [101], [011], and [111], where MCr is the ordered moment of the Cr ions. For the tetragonal phase, [100] is equivalent to [010] and
[101] to [011]. Based on the observed FM nature [16], we assumed that the full moment (2.25μB/Cr in average) aligns along the principal axis.
For K2Cr8O16, the fact that ρ reaches 400 Ωcm at 30 K [16] would suggest a diﬀerent mechanism for the metal-to-
insulator transition than that of Na0.5CoO2. A very recent structural analysis on a single crystal sample [22] revealed
that K2Cr8O16 changes its structure from a high-T tetragonal phase to a low-T monoclinic phase below ambient T ,
although the monoclinic distortion is very small. Furthermore, there was no indication for the formation of charge-
ordering in the monoclinic phase. Figure 2 shows the distribution of the internal ﬁeld (Hint) calculated both for the
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tetragonal and monoclinic phase. Although the monoclinic distortion expands the distribution of Hint, the highest f
(for the monoclinic phase with MCr ‖ [110]) is still about a half of the measured f4, for reasons currently unknown.
However, the FM order along the [001] direction is highly unlikely, because Hint is too small to explain the experi-
mental result, but the FM order along the [110] direction is most likely, when all the Cr ions are in a +3.75 state with
M = 2.25 μB.
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